Hepatitis C virus (HCV) infection is a serious public health concern throughout the world. Despite its public health prominence, however, how surveillance systems for hepatitis C should be designed is still a challenging issue especially in developing countries such as Iran. Establishing a surveillance system needs an ongoing process of case investigation, data collection, analysis of data and also dissemination of data to public health professionals and health care providers.
INTRODUCTION
Hepatitis C virus (HCV) infection is a global public health problem. [1] At least five million people in the United States have hepatitis C virus (HCV) infection. That is about five times more than HIV infection. [2] The World Health Organization (WHO) estimated that 170 million individuals worldwide have been infected with hepatitis C virus (HCV). [3] Although, the incidence of this disease declined in recent years, but the prevalence is still high because of development of chronic hepatitis C (CHC) in approximately 75% of patients. [4] CHC is among the 15 leading causes of death in United States and half of them are attributable to HCV infection. [5] According to the last report of Center of Disease Control (CDC), the number of deaths related to CHC virus infection exceeded the one related to HIV. [6, 7] This indicates the higher burden of disease and of course high medical expenditure for the patient and health system. [8, 9] In the United States, medical care costs associated with the treatment of HCV infection are estimated to be more than $600 million a year [10] and projected to exceed $10.7 billion for the 10-year period from 2010 to 2019. [11] Unfortunately, there are insufficient data regarding to prevalence of HCV infection in Middle East as well as Iran. [12] Different serologic surveys characterized regional and local variations in prevalence of HCV infection, indicating the lack of a systematic surveillance system. A surveillance system is an ongoing process of case investigation, data collection, analysis of data and dissemination of data to public health professionals and health care providers.
The aim of this study is to present a practical approach for establishing a surveillance system for HCV infection in Iran and other developing countries.
EPIDEMIOLOGY OF HCV INFEC-TION
Hepatitis C virus (HCV) infection is the most common chronic blood borne infection in the United States with the highest incidence among persons between 20-39 years of age. [13] Also, chronic hepatitis C (CHC) is a major health burden throughout the world [14] and the epidemiological status of this disease is continuously evolving and may vary, significantly. This is due to several reasons such as variances in transmission routes or different public health policies and measures.
In the last report of European countries, this variation is indicated from the lowest prevalence (≤0.5%) in northern European countries to the highest rate (≥3%) in Romania and rural areas in Greece, as well as Italy and Russia. [15] A recent systematic review of hepatitis C virus epidemiology in Asia, Australia and Egypt estimated that 49.3-64.0 million adults in these regions are anti-HCV positive with more HCV infections than all of Europe in China alone. [16] High prevalence rate of HCV reported in Egypt (15%), Pakistan (4.7%) and Taiwan (4.4%) in comparison to other parts of the world.
Studies from Iran reported heterogeneous results on prevalence of HCV. The prevalence of HCV infection reported differently from 0% in the Khuzestan [17] and Tehran province [18] to 0.31% in Golestan [19] and 1.3% in the Guilan province. [20] Moreover, a systematic review study showed that HCV infection prevalence rate in general population in Iran is 0.16%. [21] However, the HCV prevalence is higher in high risk Iranian population.
Prevalence of HCV infection among IV drug users varies from 34% [22, 23] to 43.4% in different surveys. [24] Another study on 106 IV drug users with HIV infection reported the HCV antibody positive in 75% of patients. [25] Furthermore, the HCV prevalence among Iranian hemodialysis patients was reported as 4.5% [26] and 7.61%. [27] less than the prevalence showed by examining 298 hemodialysis patients in Guilan, 24.8%. [28] Anti-HCV antibody prevalence in patients who receive multiple blood transfusions was also reported high [29] and a review study estimated the HCV seropositive prevalence up to18% among Iranian thalassemia patients. [30] The HCV antibody positive is estimated to be 11.5% in HIV positive patients. [31] This high burden of HCV infection among high risk groups and also heterogeneity in results indicated an emergent need to design an efficient system for collection, analysis and interpretation of data.
SURVEILLANCE SYSTEM
Surveillance is defined as the "ongoing systematic collection, collation, analysis, interpretation of data; and the dissemination of information to those who need to know in order that action be taken" [32, 33] As noted by Donald Henderson (The leader of smallpox eradication in 1970s) surveillance is the neurologic system of public health that leads the public health in an effective and efficient way. [34] According to World Health Organization (WHO), all surveillance systems consist of six key components: detection of health event, investigation and confirmation (epidemiological, clinical, laboratory), collection of data, analysis and interpretation of data, feedback and dissemination of results, response a link to public health programs, specifically actions for prevention and control. [35] With considering these six elements, surveillance is useful to recognize cases or clusters of cases needed interventions, assess the public health impact of health events, demonstrate the need for public health intervention, monitor effectiveness of prevention and intervention strategies, identify high-risk population groups and develop hypotheses leading to analytic stuwww.mui.ac.ir dies about risk factors for disease causation or progression. [36] Additionally, it provides information for planning, implementation, monitoring, and evaluation of public health programs. [37] Furthermore, surveillance data are useful in resources allocation and evaluation of control and prevention strategies and programs at all levels. [38] An effective system of public health surveillance must be simple, acceptable, sensitive, timely, flexible and also representative to be effective in public health actions. [39] The role of health authorities in maintaining appropriate supervision, training, and resources for the surveillance system is critical.
Furthermore, it is highly recommended that establishing a surveillance system in developing countries such as Iran should be less complex, more easily established, and sustainable. [36, 40] 
SURVEILLANCE SYSTEM FOR HCV
As noted above, hepatitis C has become an important public health issue. Despite its public health prominence, however, how surveillance systems for hepatitis C should be designed is still a challenging issue. [41] It should be emphasized that although cross sectional surveys are essential to estimate the burden of HCV infection, but they only reflect past transmission routes, providing no information on the current dynamic of HCV transmission. Moreover, the HCV infection is named as "long-time silent epidemic"; [42] so cross sectional studies are not able to detect people currently getting infected.
Surveillance system for acute HCV infection was first established in the United States in 1982. [43, 44] There are 38 different surveillance systems in 27 European countries and 6 countries had more than one system. [45] But, there is still a gap in knowledge of prevalence of this disease in developing countries such as Iran.
Therefore, developing a national surveillance system for hepatitis C virus infection could provide a useful tool for estimating the burden of disease in Iran and reflecting changes in the trend of the disease. The knowledge gained from such programs can then be used to detect high risk population and develop effective public health policy and intervention.
ESTABLISHING A SURVEILLANCE SYSTEM FOR HCV INFECTION
Hepatitis C surveillance is a critical component to prevent and control HCV infection and HCV-related chronic liver disease. To achieve the goals of Hepatitis C surveillance, activities are needed to recognize persons with acute Hepatitis C, as well as persons with chronic HCV infection. [13] For establishing a surveillance system for HCV infections, several steps should be undertaken. [35, 46] [ www.mui.ac.ir
Establish objectives:
The first step in planning a surveillance system is setting of specific, measurable, attainable, relevant and time based (SMART) objectives. [47] The goals of each surveillance system should be well specified. The key objective of surveillance is to offer information to guide interventions. [48] The surveillance system of HCV should set its objectives to: monitor secular trends and detect the high risk groups, detect epidemics, evaluate interventions and monitor preventive measures. Also, it should be able to monitor changes in HCV and also generate hypotheses for future research. [49] 
Develop case definitions and case investigation
According to 2011 case definition of hepatitis C by CDC, [50] no symptom is required for diagnosis. The laboratory criteria for diagnosis of HCV infection are presented in Table 2 .
According to these criteria CDC classified cases into two groups:
Probable case: A case that is anti-HCV positive (repeat reactive) by EIA and has alanine aminotransferase (ALT or SGPT) values above the upper limit of normal, but the anti-HCV EIA result has not been verified by an additional more specific assay or the signal to cut-off ratio is unknown.
Confirmed: A case that is laboratory confirmed and does not meet the case definition for acute hepatitis C. [50] Case Investigation and Follow-up: After the diagnosis is made, all anti-HCV positive laboratory results should be reported to state and/or local health departments. Furthermore, a surveillance system should conduct the case investigation and follow up for all anti-HCV positive laboratory results. 
Case classification
Confirmed: A case that is laboratory confirmed and does not meet the case definition for acute hepatitis C.
Probable: A case that is anti-HCV positive (repeat reactive) by EIA and has alanine aminotransferase (ALT or SGPT) values above the upper limit of normal, but the anti-HCV EIA result has not been verified by an additional more specific assay or the signal to cut-off ratio is unknown. [51] Also, patients with HCV infection should receive counseling regarding how to reduce their risk of transmitting HCV to others and also prevention of further liver injury. In addition, there should be referral systems for medical evaluation and management. [52] 
Determine data sources and data-collection mechanism
According to World Bank classification, the major surveillance methods for data collection are: [53] 1. Mandatory reports of certain diseases by clinicians or health care providers or facilities:
This is the traditional source of surveillance data and the most common method in Iran. [54] Despite its usefulness in collecting data, there are some limitations that should be considered: It needs the full collaboration of health care providers that depends on his/her perception and training; also as a rule, the more severe the illness the more likely it is to be reported. [55] 2. Reports by laboratories: Laboratory reports are important means for collecting accurate data, especially in developed countries. [56] The utility of lab-based systems in developing countries is limited. It may be due to high costs of laboratory testing and also limited guidelines for accurate diagnosis. [57] 3. Sentinel surveillance: In this method a sample of reporters (such as clinicians, hospitals, and local laboratories) are established as the reporting sources and they supervise the trend and the magnitude of disease in an accurate and high quality way. [58, 59] 4. Periodic or ongoing prevalence surveys: A periodic survey is usually based on a representative sample of the population. It can provide useful information on prevalence of risk factors, occurrence of exposures, service utilization and self-reported disease. [60] 5. Vital Records: Vital records of births and deaths are the most important route of data collection, especially in developing countries who suffer from lack of other systematic methods. [61] This method is useful to estimate the magnitude, distribution and trend of certain diseases and injuries. [62] 
Determine data-collection instruments
According to the method of data collection, instruments such as forms should be recognized, [63] and where suitable, computerized formats for each data element may be considered. [64] Different software packages are available and proposed by WHO and CDC for use in public health surveillance. [65] The most familiar and easy to use ones include:
Epi-Info and Epi-Map are designed by Centers for Disease Control and Prevention (CDC) to provide easy database construction, data entry, and analysis for the global community of public health practitioners and researchers. [66] Downloadable from: http://www.cdc.gov/epo/epi/software.htm, or http://www.who.int/whosis. Prophet: This software offers advanced, easyto-use software tools for data management, visualization, and statistical analysis. [36] http://www-prophet.bbn.com GIDEON: is an interactive computer program for diagnosis, especially in the field of microbiology, infectious diseases and epidemiology. [67] 
Field-test methods:
The field testing of surveillance system is an important step in establishing the surveillance www.mui.ac.ir system. [68] These field-test projects can determine that, how the information can be obtained and analyzed. This step can demonstrate difficulties in data-collection and also problems in analysis of collected data. [35] 6. Develop and test analytic approach A fundamental part of the planning of any surveillance system, is determining the analytical approach. [46] The surveillance system for HCV infection should contain basic analytical approaches to detect crude number of cases and rates and description of the population in which the condition occurs (person), where the condition occurs (place), and the period over which the condition occurs (time). More analysis is based on the objectives of surveillance system and for each objective the appropriate analytical plan should be developed. [58] 7. Develop dissemination mechanism After analyzing the data, the data should be presented effectively to the audience of these data. [69, 70] The characteristics of audiences and how they might use the data can determine the route of dissemination. [71] For HCV infection the primary users of surveillance information, are public health professionals and health-care providers. So, these data should contain the analyses and interpretation of surveillance results, as well as Graphs and maps for easy reading.
Assure use of analysis and interpretation.
Any surveillance system needs an evaluation system to assure the quality, completeness, and timeliness of data collection, analysis and dissemination. [72] This regular evaluation is helpful in finding the specific aspects of surveillance that need improvement. [4] Every surveillance system needs a quality assurance program that should be assessed, routinely. [73] Some quality indicators include acceptability, timeliness, completeness, and representativeness of collected data. [74, 75] Timeliness reflects the time delay between any number of response steps in the public health surveillance system and can be measured by demonstrating the average length of time in days required for each step in the surveillance process. [76] Furthermore, ethics should be considered in collecting, analysis and dissemination of data. [77] Implantation of Surveillance system for HCV infection in developing countries:
By investing in public health surveillance for HCV infection, case detection and appropriate intervention will be in more effective and efficient way. But for establishing an effective surveillance system, some issues should be emphasized:
• The first issue is cost. Establishing a foundation for data collection, analysis and dissemination is costly. So launching the surveillance system, based on existing public health systems, is effective to reduce cost, especially in developing countries. Successful implementation of disease surveillance requires comprehensive support within and beyond the health sector, and direct support from senior political levels and government. [78] • According to CDC guideline, case definitions vary from country to country depending on what resources (particularly laboratory resources) are available. Accordingly, case definition criteria for HCV infection must be standardized in each country. It needs a consensus between local experts and developing a national guideline for hepatitis C management.
• As noted above, the case definition and diagnosis is mostly based on laboratory diagnosis. So, an effective surveillance system for HCV infection necessitates an investment in laboratory systems and providing reference laboratory and high quality laboratory reporting. [79] In low income countries, it can be through the cross-border collaboration to meet their needs. [36] A new approach suggested by WHO to strengthen the public health surveillance is the national public health laboratory networks that would connect the national laboratories with subregional, regional and international laboratories. [80] It means an assembly of laboratowww.mui.ac.ir ries with standard operative procedures and report information in a systematic approach. [81, 82] Finally, any surveillance system should consider training as an integral part. [83] All health care providers must be familiar with the basic concepts of surveillance of HCV case definitions, reporting, and appropriate case management in order to prevent avoidable death and disability related to hepatitis C infection. [84] CONCLUSION Surveillance system of hepatitis C infection is an important public health priority. This surveillance system can aid in determining the prevalence of this disease, identifying HCV-infected persons, prevention of secondary transmission and also establishing a chronic disease registry to support patients.
Every developing country such as Iran should characterize the national objective of HCV surveillance and definitive criteria for case identification and investigation. A comprehensive guideline for public health professionals and health care providers is needed.
